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ABSTRACT 
A circulating system·employing a throttling valve 
was used to measure Joule-Thompson effects in Nitrogen, 
and in one mixture of Carbon Dioxide-Methane. Heat leakage 
and kinetic effects were eliminated. The apparatus was 
checked for reproducibility with Nitrogen over a wide 
'v 
' 0 range of pressure and at a temperature of 294.92 K. 
The average value of the Joule-Thomson coefficient was 
within 1.5 percent of prior literature values. 
The thermocouples used to measure the inlet and 
outlet temperatures to the Joule-Thompson valve were 
calibrated by comparison with a resistance thermometer 
certified by the National Bureau of Standards. The 
/"' 
r 
• - l . ' 
observed outlet temperature-pressure pairs were fit to 
a polynomial expression with temperature as the dependent 
variable. The maximum deviation in any tfemperature reported 
in this project is o.12 °K, the average uncertainty is 
about o.o4 °K. The polynomial expressions were dfft!rentiated 
with respect to pressure to obtain Joule-Thompson coeffi-
cients as a function of pressure. 
Joule-Thompson coeffioients were calculated from 
these expressions. These experimental coefficients were 
compared with predicted Joule-Thompson coefficients 
from the Redlich-Kwong equations. Redlich~Kwong original 
proposal, Prausnitz method and Joffe suggestions to cal-
culate the indi~idual and interaction con~tants were con-
sidered, Four mixing rules were also used for each method· 
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used in the Redlich~Kwong equation. The Redlich-Kwong 
equation studied by the guidelines of the original 
suggestions of Redlich and Kwong gave the best results 
for the mixture of Carbon Dioxide and Methane. The average 
deviations were 8 ,"3% for Prausni tz versions, 7 .0% for 
Joffe versions and 5,44% for the Redlich-Kwong original 
proposal. 
These methods of correlation were compared with 
experimental compressibility factors found in the litera-
ture for two systems, One of the systems is composed of 
Methane, Ethane, Propane, Nitr9gen and Carbon Dioxide. 
For this system the compressibility factors are well pre-
dicted by the three methods, even though the original 
Redlich-Kwong versions are slightly inferior. the other 
system is a CO2-Propane mixture. For this system Prausnitz 
and Joffe versions can be considered as a good approach 
for predicting the PVT behavior, but the original Redlich-
Kwong versions have to be discarded ·for this system, 
These methods of correlation were also compared with 
the experimental Joule-Thompson coefficients reported by 
Stockett for mixtures of Nitrogen and Ethane. The maximum 
error and the average percent deviation were larger fqr 
this system than the maximum error and average percent 
deviation obtained for the system CO2-Methane correlated 
by the present author. 
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I N T R O D U C T I O N 
Since the classical work of van der Waals (1) in 1873 
a large number of equations of state have appeared in the 
literature. Their degree of complexity, as indicated by the 
number of constants, has been deliberately increased to be-
tter represent the PVT behavior of substances over wide 
ran~es of temperature and pressure. In this respect, the 
equation of state proposed by Martin and Hou (2) requires--
nine constants, the same equation of state has been modi-
fied in some cases to be a 17 constants equation of state. 
Similarly, the Benedict-Webb-Rubin (3) equation requires 
eight constants, while the Beattie-Bridgeman (4,5) equation 
uses five constants to predict the PVT behavior of a subs-
tance. More recently, an equation of state has been propo-
sed by Pings and Sage (6),·in the form of an orthogonal po-
lynomial. Although good accuracy is claimed by these equa-
tions of state, the less compler equations of state having 
two constants, have been overlooked largely because of t~eir 
lack of sophistication. This is consistent with the common 
notion that an equation with more constants should produce 
results that are more consistent with the experimental PVT 
behavior of a substance. 
In 1949 Redlich and Kwong (7) proposed a two constani 
equation based on several theoretical and practical consi-
derationse Their equation is rath.er empirical in nature but 
it furnishes satisfactory results above the critical tempe-
rature for pure components, and in'some cases its applica-
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I N T R O D U C T I O N 
Since the classical work of van der Waals (1) in 1873 
a large number of equations of state have appeared in the 
literature. Their degree of complexity, as indicated by the 
number of constants, has been deliberately increased to be-
tter represent the PVT behavior of substances over wide 
ranfes of temperature and pressure. In this respect, the 
equation of state proposed by ~artin ·and Hou (2) requires 
nine constants, the same equation of state has been modi-
fied in some cases to be a 17 constants equation of state. 
Similarly, the Benedict-Webb-Rubin (3) equation requires 
eight constants, while the Beattie-Bridgeman (4,5) equation 
uses five constants to predict the PVT behavior of a subs-
tance, More recently, an equation of state has been propo-
sed by Pings and Sage ~6),·in the form of an orthogonal po-
lynomial. Although good accuracy is claimed by these equa-
tions of state, the less compler equations of state having 
two constants, have been overlooked largely because of tr.eir 
lack of sophistication, This is consistent with the common 
notion that an equation with more constants should produce 
results that are more consistent with the experimental PVT 
behavior of a substance, 
In 1949 Redlich and Kwong(?) proposed a two constan1 
equation based on severa~ theoretical and practical consi-
derationse Their equation is rather empirical in nature but 
it ·rurnishes satisfactory results above the critical tempe-
rature for pure components, and in some cases its applica-
·, 
bility extends to the two phase region (8), 
Such a simple and.reliable equation of state is conve-
nient for the study of gas mixtures, since only two mixing 
r·ules have to be applied. To date some work (9,10,11) has 
been done in applying this equation of state to mixtures. 
This investigation proposed to provide experimental 
verification to the problem of extending the Redlich-Kwong 
equation of state to mixtures. The method used was to ob-
tain experimental Joule-Thompson coefficients and compare 
these experimental results with values predicted by applying 
the Redlich-Kwong equation of state to the same mixture. In 
addition we checked the validity of these correlations with 
experimental compressibility factors given by Joffe and Zud-
kevitch for the saturated vapors of CO2-Propane mixtures, 
with experimental compressibility factors for systems com-
posed of Nitrogen, Methane, Ethane, Propane and Carbon Dio-
xide studied by Robinson and Jacoby, and finally, with ex-
perimental Joule-Thompson coefficients determined by Stoc-
kett for the system Nitrogen-Ethane • 
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H I S T O R I C A L B A C K G R O U N D 
The experimental measurement of Joule-Thompson effects 
in gaseous systems dates back to the work of Joule and Thomp-
son in the 19th century. Hoxton ( 12), Johnston ( 13), Bra-
zinsky (14), Ahlert (15) and Juris (16), have summarized 
the work of various collaborators to 1971. Early workers 
had problems with heat leakage and kinetic effects, until 
Roebuck (19) developed a set of reliable data using a ra-
dial flow porous plug. In 1946, Johnston brought about sig-
nificant modifications by building a monel valve with its 
valve seat and stem built from low conducting materials to 
minimize heat conduction through them, 
Brazinsky came up with a modified version of Johnston's 
valve that has been used at pressures as high as 2500 psia. 
He also.used a monel body to encase the valve, and the stem 
and valve seat were made from lucite. Furthermore, he incor-
porated a lucite sleeve in the downstream portion of the 
valve assembly to restrict heat leakage. Slight modifications 
were made to the valve by Stockett (18) and Ahlert. The same 
valve was used by the·present author without any modification. 
,, 
.,. 
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APP AR AT U ·s 
The apparatus used in this experimental investigation 
was a closed circulating system equipped in such a way as 
to provide measurements of Joule-Thompson coefficients by 
means of an isenthalpic expansion as shown in Fig, 1, A 
schematic diagram of the valve used for the Joule-Thompson 
expansion is shown in Fig,2, Ahlert and Stockett describe 
how heat leakage from the high temperature side to the low 
temperature side and kinetic effects associated with expan-
sion affect the accuracy of the data, Ahlert has also given 
a detailed description of the valve design, materials of 
construction and valve characteristics, Copper tubings were 
attached to the valve for pressure taps and thermocouple 
wires, The upstream and downstream pressures in the Joule-
Thompson valve were measured with 12-inch-diameter Heise 
pressure gauges, Upstream and downstream temperatures were 
monitored with previously calibrated JO BWG copper-constan-
tan thermocouples and its emf's measured with a K-J poten-
tiometer, 
Beginning with the compressor, the whole system consists 
of a dryer, heat exchanger used to cool the hot high pressure 
gas coming from the compressor with the low pressure gas co-
ming from the Joule-Thompson valve, a cryostat bath used to. 
heat or cool the incoming gas to a temperature close to the 
upstream valve ~emperature, the valve itself; the heat ex-
changer already mentioned, and, finally, three throttling val-
. -··-,:i,':.< 
.. 
< 
.'.: 
<' 
ves used to adjust the flow and regulate the inlet pressure 
to the compressor, A rotameter is used to measure the gas 
flow, A storage tank is located on a by-pass line and is 
used to store the gas sample to 200 psia, A vacuum pump 
is used to evacuate the whole syste·m before feeding the sam-
ple, Also in the system are a Bayley controller that,,in con-
junction with liquid nitrogen flow ( when needed ) through a 
heat exchanger located'ih the cryostat bath, is used to main-
tain the cryostat bath temperature at the desired value, 
', <:,··_r:..; ··-··-·.~ 
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PROCEDURE 
A gas mixing apparatus was used to prepare the sample 
as described in Appendix A .• 
Before feeding the gas sample to the storage tank the 
whole system was evacuated to 1m,m, Hg,, then experimental 
gas was used to flush the system, After flushing the system, 
the pressure in the system was.increased to 10 psia •. Again 
the system was evacuated, flushed and filled to a pressure 
of 10 psia three times and then the pressure in the storage 
tank was raised to 180 psia, This was enough to increase the 
upstream pressure to the desired value. 
Precautionary measurements before starting the system 
involved checking the oil level of the compressor, opening 
of the cooling water valve, and filling the col~ junction 
Dewar with ice, The potentiometer had to be standardized 
prior to any emf's recording, 
Before starting the compressor, its inlet pressure was 
~egulated to 10 psia, This measure was necessary to prolong 
the life of the diaphragms, Immediately upon starting the 
compressor, the inlet valve of the compressor was slightly 
open in order to mantain a constant inlet pressure of 10 
psia, When the upstream pressure reached the desired value 
gas flow into the system was terminated, the necessary val-
ves were im:mediately open to maintain circulation through the 
system, The valve was left operating in the ·open position 
for about an hour, time that was used to bring the upstream 
valve temperature to .the desired value by means of the.Bayley 
.. 
.. . . , ' ~ .. :·-,' 
"controller and liquid nitrogen flow when needed, The valve 
was then partially closed to obtain the initial points of 
an isenthalp, The gas was again allowed to circulate for 
the time needed for equilibrium to be established, After 
reaching a new state of equilibrium, the upstream and down-
stream pressures and temperatures were recorded, the Joule-
Thompson valve was closed a step further to obtain a new 
point of the isenthalp, This process was repeated until 7 
or 8 points of the isenthalp were obtained. During the whole 
process of obtaining the isenthalp, the upstream pressure 
and temperature were mantained constant. 
4 
After the set of necessary measurements were recorded, 
the Joule-Thompson valve was open to equalize the upstream 
and downstream pressures of the valve. The flow control val-
ves were operated,when doing this step, to mantain the com-
pressor inlet pressure not higher than 10 psia. Gas from the 
system was then bled into the storage tank until a pressure 
of 250 psia at the high pressure side of the system was rea-
ched, The flow of gas from the system to the storage tank 
was then stopped and the compressor was turned off, A posi-
tive pressure was maintained in all the parts of the system 
to prevent air diffusion into the system, Finally the bath 
heater, temperature controller, bath stirrer, liquid nitro-
gen flow, compressor cooling water, and potentiometer were 
turned off, 
' ,, 
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EXPERIMENTAL JOULE-THOMPSON COEFFICIENT 
The Joule-Thompson coefficient is defined by the 
following relations 
In order to obtain the Joule-Thompson coefficient 
with the discrete data points obtained, these data points 
were fitted to a least square correlation, A third order 
polynomial was used in this project, with the temperature 
picked as the dependent variable in the following forms 
2 3 
T = A + B P + C P + D P 
The equation obtained in this way was derived, and the 
Joule-Thompson coefficient is given by 
2 
l1=B+2CP+JDP 
• 'I ~ 
FIGURE I, DIAGRAM OF JOULE - THOMSON APPARATUS 
Flit er 
Storage 
Tank 
Gaa 
Supply 
Cyll ndu 
Rotamellr 
Silica 
Gel 
Drier 
Temperature K-3 
Controller Pol•ntlometer 
wator 
Llqul d 
Nitrogen 
J-T 
Valve 
Nltroa•n 
G•• 
cylinder 
1 
1 
.=i· 
1, 
' ,I 
,.".; 
FIGURE 2, DETAIL OF JOULE - THOMSON VALVE 
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THERMODYNAMICAL BACKGROUND 
On essentially empirical grounds Redlich and Kwong 
(7) proposed an equation of state with only two constants 
in the form 
p = 
R T 
V - b 
a is given for 
a = na 
and b is given 
b = 
a 
Ti ( V + b) V 
a pure substance 
2 2.5 
R Tc 
Pc 
by 
R Tc 
Pc 
by 
(1) 
(2) 
(J) 
where na = o.4278 and nb = 0.0867 for all pure subs-
tances according to the original proposals. They also sug-
gested the following mixing rules to obtain the values of 
a and ..Q for a given mixture 
a· · is given b_ y lJ 
(4) 
(5) 
(6) 
, I 
I 
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Since the original proposal was made, several approa-
ches have been tried to increase the accuracy of the Re-
dlich-Kwong equation of state in predicting the PVT beha-
vior of pure components as well as mixtures. 
In 1964, G.M. Wilson (9) modified the Redlich-Kwong 
equation of state by introducing a temperature dependence 
for aii• the values of.! for pure components. For aij he 
introduced the following correlations 
a• • = lJ eij aij + ( 1 - e ij ) a· . lJ (7) 
and 
a·. 11 (8) 
He also compared, favorably, his method with results 
obtained by applying the Benedict-Webb-Rubin equation of 
state to the same system. 
A year later, Robinson and Jacoby (11) correlated com-
pressibility factors for natural gases containing substan-
tial amounts of N2, co2 and H2s by means of a modified ver-
sion of the Redlich-Kwong equation of state. The_.! and.£ 
e:. parameters for pure substances were found from experimental 
.,·, 
·!;t~ data, and their correlations for~ and ..Q took the forms 
"i'.1 \.; 
.. 
a/ R2 = a: + a ( T - 311.0 ) (9) 
. 
b/ R = y + 0 ( T 311.0 ) . (10) 
They retained the Redlich-Kwong original suggestions for 
I : 
,, 
(., 
~,-
mixtures a 
but now, a-· is given by, lJ 
(11) 
2 a-. = K· • a-· + ( 1 - K· · ) a-· (13) lJ lJ 11 lJ J J 
where Kij is a dimensionles-s parameter determined from 
experimental data of binary mixtures. 
In the same year Redlich et al (17), proposed a 
rather complex empirical correction to the original R-K 
equation with considerable improvement for pure substan-
ces but with results not so clear for mixtures. 
In the same year, Joffe and Zudkevitch (10), propo-
sed the following procedure for mixtures containing light 
hydrocarbons and CO2 
..s: is obtained from the equation 
amix = L Lyiyj aij (12) 
and..Q by 
bmix = L IYiYj aij (14) 
where 
2 2,5 (15) a• . = 0,4278 R Tcij / Pcij lJ 
and 
b· . = 0,0867 R Tcij / Pei~ (16) lJ 
. . ' . . ' . . 
"<t"O.:lc" ..... 1,-,~'"::"!.~~'·-ri,~ ., '·.,: _, 
'r' 
,. 
.t 
,, 
Substituting (15) and (16) in (12) and (14) it follows 
that 
2.5 
Tc 1 = Pc 1 ( m x m x 
Pc i ( m X 
(17) 
(18) 
By knowing the pseudocritical temperature and presure 
of a binary system Tcij and Pcij can be found from (17) and 
(18). They applied this method to CO2- light hydrocarbons 
mixtures with considerable improvement over the original 
Redlich-Kwong proposal. 
In 1967, Chueh and Prausnitz (22) suggested several 
significant contributions to the Redlich-Kwong equation. 
aii and bii are again given by 
(19) 
(20) 
but now nai and nb1 are not the same for all substances, 
For mixtures they retained the original mixing rules 
but 
a1j _ I aii ajj 
instead, aij is given by 
. " 
a• • = lJ 
where 
0.333 
Ve .. lJ 
2 Pc .. lJ 
0.333 0.333 
= ! ( Ve. + Ve. 1 J 
z~ .. lJ = 0.291 - o.o4 ( wi + wj ) 
Tc .. lJ 
(21) 
(22) 
) (22 a) 
(23) 
(24) 
The bin~y constant Kij represents the deviation from 
the geometric mean for Tcij• To a good approximation Kij 
is independent of temperature, pressure and composition. 
w is the accentric factor. 
' • ,.,,.,.,l ... ~, 
E X P E R I M E N T A L R E S U L T S 
Joule-Thompson effects for Nitrogen and a mixture 
of co2-CH4 were obtained over a temperature range of ap-
proximately -7 °c to JO 0c and a pressure range of 100 
to 2000 psia, The composition of the mixture was 20,9 % 
co2 and 79,1 % Methane, The experimental data are giver 
for Nitrogen in table I and for the mixture in tables II 
to v. These experimental results are also shown graphica-
lly for Nitrogen in figure Jl and for the mixture in fi-
gures J2 to J5, 
The purpose of the experimental Nitrogen isenthalp 
was to verify that the apparatus was capable of produ-
cing results in reasonable agreement with that of other 
investigators, The set of data points obtained in this 
research are within 1,5 % of the values obtained by Roe-
buck (20) and Ahlert, 
Having obtained the experimental data points for each 
isenthalp, the data points were then fit to a least squares 
polynomial expression, the slope of which at any pressure 
gave the Joule-Thompson coefficient at that pressure. The 
average error between curve fit and experimental tempera-
tures was 0.078 °c for all the runs. 
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TABLE Ia 
NITROGEN ISENTHALP FOR 294,92 °K 
AND 135,83 ATM, 
PRESSURE, ATM TEMPERATURE 1 OK 
FUENTES AHLERT ROEBUCK 
135.83 294.92 294 .82 
107.59 291.32 291.21 
82.84 287.36 287.44 
73.59 285.76 285,81 
62.17 283.57 283,76 283,76 
44.92 279,92 280,30 280.31 
31.58 277,12 277,37 277.33 
21.39 274,36 275.00 274. 91 
\ 
DIN 
294.84 
291.06 
287.11 
285,48 
283,33 
279.82 
276.92 
274.54 
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TABLE Ib 
JOULE-THOMPSON COEFFICIENT FOR 294,92 °K 
AND 135,83 ATM, 
PRESSURE, ATM JOULE-THOMPSON COEFFICIENT °K / ATM 
FUENTES AHLERT ROEBUCK DIN 
135,83 0, 110 0.116 0,119 
107,59 0,144 0,142 0,147 
82,84 0,173 0.167 0.182 
73,59 0,184 0,177 0.194 
62,17 0.198 0.190 0.189 0,194 
44,92 0,219 0,210 0.213 0,212 
)1,58 0,2)5 0,227 0.231 0,226 
21,)9 0,247 0,240 0.246 0.237 
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FIGURE JI 
EXPERIM.ENTAL NITROGEN I SENTHALP 
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TABLE II 
EXPERIMENTAL JOULE-THOMPSON COEFFICIENTS FOR THE SYSTEM 
CARBON DIOXIDE-~THANE 
MOLAR FRACTION OF CO 2 = 0,209 
P, ATM T, KELVIN 
\J ' 
~K/ATM 
27.075 301.52 ,487 
23.571 299,74 ,530 
19,830 297,71 .565 
12.687 293 ,49 ,584 
8,333 290,85 ,605 
5,554 289, 14 ,606 
53,503 303,0, 
.493 
48.367 300.32 .520 
40,782 296,30 ,556 
33,469 292,11 ,588 
27,483 288,55 .613 
~ 
17,721 282,31 .649 
7,483 275,55 .682 
' 
78,367 304,74 .449 
.. 
,\ 55.714 293.42 .549 '1: 
:' 
: 
• . 
42,279 285,68 .606 
.. 
28,673 276,97 .663 
" 
. , 17,619 269,49 . ,708 f: 
9,388 263,46 ,741 
; 
-, 
. ' . 
.... -._-,,,.--,,., .... ~ 
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TABLE II" (contd) 
P, ,ATM T, KELVIN µ ' ~K/ATM 
52,007 291.05 .559 
40,884 285.08 .607 
33.163 280,08 .640 
25.442 275,24 .673 
16.054 268,60 ,714 
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CORRELATIVE STUDIES 
Four versions of the Redlich-Kwong equation, based 
on the original Redlich-Kwong proposal were tested, The 
original proposal (VERSION 0) consists of1 
a) To consider that a and b are given by the following 
expressions• 
b) 
where 
a ... 
11 4 8 
2 2,5 I 
= O, 27 R Tei Pei 
b . = 
mix 
a . = 
mix 
a .. = I a,· a .. 
lJ 11 J J 
a .. 
lJ 
(25) 
We proposed three modifications of this methods 
the first {VERSION 1) only differs from the original in 
the way b. is calculated. that now is given bys 
m.2.x 
(27) bmix = l l Yi Y j bi j 
I bij = b iibjj (28) 
The second version (VERSION 2) introduces the Praus-
nitz parameters ai and bi for calculating a and b 
for pure components as in equati~ns (19) and (20), 
For the mixed parametersp we proposed to calculate them 
as given by 
a •. lJ 
·---~--·--·----··-···· ' 
- -~- ,- . ·-·-' 
·»·' - ', ·,,, ." 
,_,;_I.,,-•' 
~ Y· b •• l l ll 
·.•1-.1,,· .·· 
aiJ" is given again by. a1• J" = ./ a. . a .. . ll JJ 
The last Redlich-Kwong version (VERSION J) is esen-
,;::. tially the same as the second, the only difference lies 
on the way how b. is calculated that now is given by 
mix 
b .. lJ 
and 
We also studied the Prausnitz approach to the Redlich-
Kwong equation, Prausnitz's original method begins by con-
sidering that a and b for pure components are given as fo-
llows: 
a •. 
11 
b .. 
11 
= n b. R Tc. / Pc. 1 1 1 
The mixed parameters are obtained from equations (21) 
to (24), and 
a• • lJ 
l y. b .. 
1 11 
The first version of the original Prausnitz's method to 
deal with the ~edlich-Kwong equ~tion is only a modification 
to the way how bmix is calculated, that now is obtained 
from the following equations 
b • = I l y. YJ· b •• mix 1 lJ 
'•:. 
1·.1 
,::1 
In the second version (VERSION 2) 
b • = 
mix 
and now 
aij = 
a• • lJ 
Y• + Y· 1 J 
R2 Tc .. 2 ' 5 I Pc· • lJ lJ 
( Yi n bi + y j n b. ) b •• = ________ J_ R Tc,. /Pc .. lJ lJ lJ 
y. + Y· 1 J 
(29) 
(JO) 
The only modification introduced in VERSION 3 with 
respect to VERSION 3 is that now bmix is given 
by 
b . = 
mix b .. 11 
Joffe's method was the last one to be considered, The 
original proposal consisted of1 
a .. = 11 
4 8 2 2,5 / O, 27 R Tei Pei 
b,, = 0,0867 R Tc•/ Pc· 11 1 1 
for pure components, for mixtures they proposed 
a • = 
mix a •• lJ 
b -. mix· 
where 
a •• lJ 
b •. = 0,0867 R -Tc •• / Pc .• lJ lJ lJ 
In the section THERMODYNAMICAL BACKGROUND, the procedure 
jo 
' . . 
-, , .. -· ;_' ·>, : ,,_,. __ , .. ~-: .,. ·- -·. . ,, 
. ·., ,;'f· .,,,,,,.,,, 
to 'find Tcij and Pcij and consequently aij and bij 
explained, 
is 
The first version (VERSION 1) of Joffe, modified 
only the way of finding b. , that now is given ?Y' 
mix 
b -mix -
The second version (VERSION 2) introduced the Praus-
ni tz parameters n ai and n bi to find aii and. bii, 
b = nb R Tc, / Pc, ii i i i 
For mixtures, we adopted the procedure that followsa 
And now 
a •. lJ 
a . = 'i' 'i' y. y. a, , 
mix LL i J iJ 
b . = I Ly y. b, . 
mix i J lJ 
= Yi n ai + Y j 
Y· + YJ· 
.. i 
Yi nbi + Yj nbj 
bij = --------- R Tcij / Pcij 
Yi + Yj 
The third Joffe version (VERSION 3) was essentially 
the same as the second, the only difference was the way 
to calculate aij and bij' that in the third version are 
given_ by 
31 
i 
'i 
; '" ,,,', ,, ·->, ,, '.-·~· .,~"', 
b· • = ( lJ (32) 
)2 
~· 
:/ 
.r. 
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DISCUSSION OF RESULTS 
As ha·s been indicated· previously, four versions of 
the Prausnitz's method to deal with the Redlich-Kwong 
equation were studied. As seen from Table III, the ori-
ginal version {VERSION 0) and VERSION 1 produced the 
best results among the Prausnitz versions. It is interes-
ting to note that VERSION·- 0 AND VERSION 1 produced re-
sults almost equal. The same equality ~olds for VERSIONS 
2 and 3. The Joule-Thompson coefficients computed for the 
CO 2-Methane system by the use of the Prausnitz's version 
that produced the best results differ from the experimen-
tal results by an 8.JO average percent deviation. The ma-
ximum deviation was 10.4 percent and the minimum 2.88 per 
cent. Although surprising, the Prausnitz versions gave the 
I 
worst results for the Joule-Thompson coefficients correla-
tions of the system CO2- Methane. A comparison of Prausnitz 
versions with Joffe and Redlich-Kwong versions is made in 
Fig. J6 to J9 for this system. 
As it happened with Prausnitz versions, there are two 
pairs of Redlich-Kworig versions that ·are approximately 
identical for all purposes, In the case of VERSIONS O and 
1 the results are identical in all the cases, and there are 
two discrepancies between VERSIONS 2 and 3. These discrepan-
cies are almost insignificant, about 0.2% for both cases. 
The
1
f~edlich~Kwong versions produced .the best results 
·With a 5.44 average percent deviation, the maximum deviation 
,• 
given by Redlich-Kwong VERSION .l, that produc.ed the best 
;,· 
' 
•" . ..:,.a•-;"~,·,~~--' • ," ~f . ....._• ,• 
',' :"1· •,. .... . , ........ ,. .. ·•. ·~ .. -··,·, . ·,' . .' 
results, was 7.28 percent, and the minimum deviation was 
O, 18 percent. 
There is only a pair of Joffe versions { 0 and 1) 
that produced results almost identical, but there is not 
much difference between the results produced by VERSIONS 
2 and 3, VERSION.) being slightly superior over VERSION 2 
and Surtherniore VERSION 3 is better. than all the Joffe versions, 
The average percent deviation given by Joffe VERSION 3 is 
7 percent, that is 28.6 percent higher than the average 
deviation produced by the VERSIONS 2 or 3 of Redlich-Kwong, 
however Prausnitz's best version (VERSION O and 1) gives 
an average percent deviation that is 52,7 higher than that 
given by the best Redlich-Kwong version (VERSION 3). 
All the deviations were calculated with respect to the 
experimental values reported in the following forms 
% Deviation = 
Experimental - Computed 
Experimental 
100 
and the average percent deviation was calculated asa 
K 
l exp.- comp, 
Average Percent i=l exp 
= Deviation _____ K ____ x 100 
We also checked the validity of the methods devised 
in this research and in the original proposals with the 
experimental Joule-Thompson coefficients obtained by Stoc-. 
kett (18) for a mixture of Nitrogen and Methane. All the 
. . 
methods produce results comparable with each other and 
·,34 .· 
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TABLE III ; \ 
I' 
; ~ 
r· f. COMPUTED JOULE-THOMPSON COEFFICIENTS FOR THE SYSTEM 
,. 
. 1~ CARBON DIOXIDE-METHANE 
'~-: MOLAR FRACTION OF CO2 = 0.209 ',i · .. ::\w 
:~) 
PRAUSNITZ VERSIONS ,:,:\.•' 
'' ~;i ,-
:'.~~? P, ATM T, KELVIN VERS 0 VERS 1 VERS 2 VERS 3 
,. 
27.075 301.52 ,501 .501 ,498 ,498. 
23.571 .299, 74 ,510 ,510 ,508 .507 
19,830 297,71 ,521 .521 ,518 .518 
17.169 296,13 ,529 ,529 .526 ,526 
12.687 293.49 ,542 .542 ,539 ,539 
s.333 290,85 ,555 .555 .552 ,552 
5,55~ 289.14 ,563 .563 .561 ,560 
53.503 303.00 .465 .465 ,463 .462 
48,367 300.32 .482 .481 ,479 ,478 
40,782 296.30 .507 .506 .504 .503 
33,469 292.11 .531 .531 ,529 ,528 
27.483 288.55 .552 .552 ,549 .548 
17.721 282.31 .586 .586 .583 ,583 
7.483 275.55 .622 .622 .619 ,619 
_i,··,/1 78,367 304, 74 ,417 ,417 ,415 .414 i 
,, -,:,;,, 
(: ti 55,714. 293.42 .497 ,496 ,494 ,493 
.. 
,:I 
' 
42,279 285,68 ,548 .548 .545 ,544 
~; 
28.673 276.97 .603 ,603 .600 .599 
17.619 269,49 .648 ,648 ,645 ,644 
9,388 263.46 ,683 .683 .679 ,679 
; ___ .. --~ -. ·., ... - . , .. t;·~ :,- ' .i-... i,,, ·,'.:,,~- _._./.,: . 
•. ,,·/, .L1_· • --
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TABLE III (CONTD) 
P, ATM T, KELVIN VERS 0 VERS 1 VERS 2 VERS J 
52,007 291.50 ,510 ,510 ,508 ,506 
'm 40,884 285,08 ,553 ,552 .550 ,549 ::· •i 
. :-Kt 33.163 280,08 ,584 ,584 ,581 ,580 
:~{:·: 
''/:, 25.442 275.24 .614 ,614 ,611 .610 
16.054 268.60 .654 ,653 .650 .650 
REDLICH-KWONG VERSIONS 
P, ATM TI KELVIN VERS 0 VERS 1 VERS 2 VERS 3 
27.075 301.52 ,513 , 513 ,520 .520 
23,571 299,74 ,523 .523 .529 .529 
19,830 297,71 ,534 ,534 ,540 ,540 
17 .169 296.13 .541 ,541 .548 ,548 
12.687 293.49 ,555 ,555 .561 .561 
8,333 290.85 .567 .567 ,574 ,574 
5,554 289.14 ,576 .576 .583 ,583 
53,503 303.00 .479 ,479 .483 .483 
48.367 300.32 ,496 .496 .501 ,502 
40.782 296.30 .521 .521 ,527 .527 
J~i 33.469 292.11 ,545 ,545 .552 .552 
-
1; 27.483 288.55 .566 .566 ,573 .573 
'1 ' 
i 
" . 
t;,: 17.721 282,31 ,60.0 ,600 ,608 .608 
,,. 
t 7,483 275.55 ,636 ,636 ,644 .644 
r 
i' 78.367 ;04,,74 .431 ,431 ,435 ~435 
·,· 
l,'.J. 
·ri:i' 55,714 293,42 .512 .512 .518 .517 
' ..... ,!, __ ,., ',·-·,-·:;•.,:.-•···. 
. .. ·,. ·,•:;··~.'/·:·,~, .-:·· . --- :'·' ' :. ' . ' .... <-:~:1~~;.-"'f"1 37··· 
TABLE III(CONTD) 
'(, VERS 1 VERS 2 VERS 3 r P, ATM T, KELVIN VERS 0 
\' 
42.279 285,68 .564 ,564 ,570 .570· 
28,673 276,97 .619 ,619 ,626 .626 
17,619 269,49 ,664 .664 ,672 ,672 
9.388 263.46 ,698 ,608 .706 .706 
52.007 291,50 .525 .525 ,531 ,531 
40,884 285.08 ,568 ,568 ,575 ,575 
33.163 280,08 ,600 .600 .607 .607 
25,442 275.24 .630 .630 ,637 .637 
16.054 . 268 ,60 .669 .669 .677 .677 
JOFFE VERSIONS 
P, ATM T, KELVIN VERS 0 VERS 1 VERS 2 VERS 3 
27.075 301.52 .501 .502 .505 .505 
23,571 299074 .511 ,512 ,515 .515 
19,830 297,71 ,522 .522 .525 .525 
17.169 296 .13 .530 ,530 ,533 ,533 
12.687 293.49 ,543 .543 ,547 ,547 
8,333 290,85 ,556 ,556 ,560 .560 
<\. 5,554 289.14 .564 .564 .568 .568 
:Ji.\ 53.503 303,00 .466 ,468 ,470 .469 ,,,,11 J~· 
'1?'~ 
. .-!'- ':I. 
48,367 300.32 .483 ,484 ,486 ,486 
40,782 296,30 .508 .509 ,511 .511 
33.469 292 ,1. ,532 ,533 ,536 ,536 
27.483 288.55 .553 .554 .557 ,§57 
17~721 282.31 .587 .588 .591 ,591 
.; 
~~ ,i:, .. ·: .. , . _ ..... ~.,·.,.: •" ! '·'"'"""~··· ... ',·.~· ••• ;:__ ·'·,;:,:.:.,.:.~ ____ ,.,~·· :,>,,''.\ • .,.~·-·· 
., 
~ 
!" 
,, .. 
i; 
.i' 
' 
,...,. 
J-, 
. '. . ..... i. ,.,.· :.r ~,.-.h ./ .-··,,' 
P, ATM 
7,483 
78,367 
>~ ' 
:·t} 55,714 
.{') 42.279 ? 
'_ ~.:, 
··ft. 28,673 
17.619 
9,388 
52,007 
40,884 
33,163 
25,442 
16.054 
... ,. ~ ·, ~ . .r:,~~:r;'"f 
38. 
TABLE III (CONTD) I 
i 
\ ,, 
~ 
T, KELVIN VERS 0 VERS 1 VERS 2 VERS J 
275,55 .623 .623 ,627 .627 
304.74 .419 ,421 .421 ,421 
293,42· .498 ,500 .501 .501 
285,68 ,549 ,551 .553 .553 
276,97 ,604 .605 ,609 .. .608 
269.49 .649 ,650 ,654 ,654 
263.46 .683 .684 ,6811 .688 
291.50 ,511 , 513 .515 .515 
285.08 .554 .555 .558 ,558 
280.08 .585 ,586 .589 ,589 
275.24 .615 .616 .620 .620 
268.60 ,655 .655 .659 .659 
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FIGURE J 6 
EXPERIMENTAL AND CALCULATED JOULE:.THOMSON 
COEFFICIENTS FOR THE CO2- CH.4 SY S.TEM 
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Fl GURE JS 
EXPERIMENTAL AND CALCULATED JOULE-THOMSON 
COEFFICIENTS FOR THE C02-CH4 SYSTEM 
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. 4,3·:-1 
there is no real advantage in using o.ne method over the 
others, The deviations obtained when applying the diffe-
rent Redlich-Kwong versions to this system are large, 
the largest deviations being produced by the Redlich-
Kwong equation, The Joffe and Prausnitz versions produced 
almost the same results I average percent deviation 4, 71, 
maximum deviation 9,55% and minimum deviation was 1,82 
percent, The Redlich-Kwong equation gave an average per-
cent deviation of 5,8 percent, a maximum deviation of 
15 percent and a minimum deviation of 3,1 percent, We 
did not try to correlate the low temperature data given 
by Stockett, that give the poorest correlation, since 
our heat cpacity data at zero pressure were valid above 
273 °K, And this might be deceiving, because in some 
cases, Stockett obtained·errors in the order of 25 per-
cent and our maximum error is only 15 percent, 
The next system to be studied is that studied by'Ro-
binson and Jacoby, for which they report the experimental 
compressibility factors,.The system consisted of mixtures 
of methane, ethane, propane, carbon dioxide and nitrogen, 
The composition of the mixtures were changed to observe 
how the amount of co2 in the mixture influenced the PVT 
be~avior predictability by the Redlich-Kwong equation, 
O· 
The temperature range for these mixtures was from 100 F 
to 200 °F and the pressure range from 100 psia to 2000 
psia, 
Discarding the point at a pressure of 1570~0 psia for 
mixture 9 that exhibits an abnormal behavior_, the original 
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(VERSION O) and third (VERSION 3) Prausni tz versions pro- r 
duced very good results, The maximum deviation is only 1,1 
per cent and in some cases, these versions reproduce the 
experimental results accurately, The average percent devia-
tion is only 0,4 percent. The original Joffe version (VER-
SION 0) offers some advantage for the study of this five 
components system, This version produces results that are 
comparable with the results obtained by the Prausnitz ver-
sions that produced the best results for this same system. 
·r.\ The maximum deviation is only 1.21 percent and the minimum 
0
1
01 percent. The average percent deviation is only 0.52 • 
The Redlich-Kwong versions can not compare with Prausnitz 
or Joffe versions but they do not work so badly either, 
The maximum deviation is 3.6 percent, the minimum devia-
tion is just 0.02 percent but the average percent devia-
tion is 0.95. 
Finally, the last system to be studied was also the 
most difficult to correlate. It consisted of different 
mixtures of carbon dioxide and propane near their dew 
point. All the Redlich-Kwong versions failed so badly, 
that even the version that predicted the less incorrect 
behavior was in error by 11 per cent in only two cases, 
and in the remaining 16 data points the errors were-from 
37 percent to 62,3 percent, Even tho~gh the compressibi-
lity factors·obtained through the use of the Prausnitz 
versions were not as satisfactory in this case as in 
the five components system already studied,' the maximum 
deviation is only 9 percent, ·That is a considerable improve-
'· 
·' 
ment over the original Redlich-Kwong version, The minimum 
deviation produced by the original Prausnitz version was 
J 
0,0 percent and the average percent deviation is ·2.1 
percent, Almost the same results are produced with the 
original Joffe version (VERSION O). The maximum deviation 
is 9.6 percent, the minimum deviation is only 0.4 percent 
and the average deviation is 2.3 percent. 
As summary, we can say that the original and third 
Prausnitz (VERSION O AND 3) and the original Joffe ver-
sion (VERSION 0) produced the best results, and even 
though there are some mixed results, there is a very 
slight improvement in using V.ERSION O over VERSION 3 as 
given by Prausnitz for the study of some systems, espe-
cially in the correlation o{ compressi bil ty factors. 
Although there is not general advantage of one method 
over the other, if we are to cope with an unknown system, 
the recommendation has to be for the use of Prausnitz 
orginal or third versions, since the constants needed to 
use the Redlich-Kwong equation are already known. 
Another conclusion that we arrived to is that due to 
the differentiation that is needed to obtain the Joule-
Thompson coefficients from the experimental data points 
obtained the error has to be greater than in the case of 
the calculation of compressibility factors. 
The computed Joule-Thompson coefficients for the system 
Carbon Dioxide-Methane are always below the experimental· 
values as can be observed in Fig, J2 to J5, but the computed 
v 
Joule-Thomson coefficients for the system Nitrogen-
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Methane are above the experime·ntal values, This might be 
due to the conjugated effect of two different factors. 
The first is the difference in behavior exhibited by 
Carbon Dioxide in account of its quadrupole moment, This 
quadrupole moment is considered by Joffe one of the reasons 
to explain the inabili~y of the original Redlich-Kwong 
equation to predict the PVT behavior of the Carbon Dioxide-
Propane system. The second reason for the different behavior 
exhibited by the two mixtures might be due to the values 
of the constants oa and nb used to calculate the constants 
2 and ]2, and the uncertainity in the constant Kij as given 
by Prausnitz. The constant Kij ls report~d by Prausnitz 
to be equal to 0.05, with an uncertainty of± 0.02. This 
uncertainity might explain the poor results obtained with 
. .,. 
the Prausnitz versions for the Carbon Dioxide-Methane sys-
tern. 
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TABLE rl 
ZERO PRESSURE HEAT CAPACITY EXPRESSIONS (24) 
Nitrogens 
C0 p = 7,278152 - 2,357933 X 10-3 T + 4.819276 X 10-6 T2 
1,884159 x 10-9T3 
Propanes 
C0 p = 0,875587 + 6,088447 X 10-2 T - 1,376161 x 10-5 T2 
- 7,282256 X 10-9 T3 
Ethane 1 
C0 p = 3,827656 + 2,696468 X 10-2 T + 1,290879 X 10-S T2 
-1,535507 X 10-8 T3 
Methane 1 
C0 p = 70348294 - 4,192432 X 10-
3 
T + 3,335196 x 10-5 T2 
-8 
-· 2,005523 X 10 
Carbon dioxides 
C0 p = 40661275 +1,776032 X 10-2 T - 1,334537 X 10-5 T2 
-9 3 + J,650326 X 10 T 
o - I o C p = cal, g mole K 
-~ 
I j: 
-, 
' 
,, ,, 
BIBLIOGRAPHY 
(1) Van der Waals, J, D,, Doctoral Dissertation, Leiden, 
1873, 
(2) lV'artin, J. J., Hou, C. Y., A. I. Ch. E. J., 1, 142, 
1955. 
(3) Benedict, M,, Webb, G. w·., Rubin, L. c. J. Chem. 
Phys., 8, 334, 1940. 
(4) Beattie, J. A., Bridgeman, o. c., J. Arn, Chem, Soc., 
49,1665, 1927. 
(5) Beattie, J. A., Bridgeman, o. c., J. Am, Chern. Soc., 
50,3133, 1928. 
( 6) Pings, C, J. Jr. , Sage, B. H. , Ind. ·Eng. Chem. , 49, 
1315, 1957. 
(7) Redlich, 0,, Kwong, J. N., Chem, Rev., 44, 233, 1949, 
(8) Shah, K. K., Thodos, G,, Ind. Eng, Chern., 57, No 3, 
30, 1965. 
(9) Wilson, G, M,, Advan, Cryog, Eng., 9, 168, 1964, 
(10)Joffe, J,, Zudkevitch, D., I & EC. Fundamentals, 5, 455, 
1966. 
(11)Robinson, R. L., Jacoby, R.H., Hydrocarbon Process 
Petrol. Refiner., 44, No, 4, 141, 1965. 
(12)Hoxton, L, G,, Phys, Rev,, 2, No. 13, 438, 1919, 
(13)Johnston, H. L., White, D., A, S, M, E,, Trans,, 70, 
651, 1948, 
( 14) Brazinsky, I., " The Experimental Determinaton of 
Joule-Thompson Effects", Master's Thesis, Lehigh 
i ' ,, 
University, 1960, 
(15)Ahlert, R, C,, "Joule-Thompson Coefficients and 
Equations of State for Mixtures", Ph, Thesis, Le-
high University, 1964. 
(16)Sabnis S, T,, "Joule-Thompson Effects for Ternary 
Mixtures", Ph, D, Thesis, Lehigh University, 1966, 
(17)Redlich,O,, Ackermann,R, D,, Gun, F, J,, Jacobson, 
M,, Lam, S,, I& EC fundamentals, 4, 369, 1965, 
(18)Stockett, A, L,, "Joule-Thompson effects for Nitro-
gen-Ethane Mixtures", Ph, Thesis, Lehigh University, 
1965. 
(19)Roebuck, J, R,, "proc. Amer. Acad, Arts Sci,, 60, 537, 
1925. 
(20)Roebuck 1 J, R., Osterberg, H,," The Joule-Thompson 
Effect in Nltrogen ",Phys.Rev., 48, 450, 1935, 
(21)Prausnitz, J.M., and P, L. Chueh, "Computer Calcu-
lations for High Pressure Vapor-Liquid Equilibria", 
Prentice Hall, 1968, 
(22)Chueh, P, L, , Prausnitz, J.M., A, I, Ch, E Journal, 
13,896, 1967. 
(23)Prausnitz, J, M,, "Molecular Thermodynamics of Fluid-
Phase Equilibria", Prentice Hall, 1968, 
(24)Toulokian, Y, s., Powell, R, W,, Ho, C. Y,, Klernons, 
P,G,," Thermphysical Properties of Matter ",.Purdue 
Research Foundation, 1970, 
\ 
·\. 
' 
.} 
.-, .. 
,, 
APPENDIX A 
\ 
., 
·, 
' 
' 
.-. l • 
!i 
DERIVATION OF HEAT CAPACITY AND JOULE-THOMPSON 
COEFFICIENT EXPRESSIONS 
• ( '• -_' ,-~; :.:= 
An adiabatic expression is characterized by the fact 
that 
dH = 0 
By considering Has a function of temperature and pressure 
dH = / aH) dP + 
\ aP T 
hence, JJ = 
JJ = 
aT 
ap H 
~) dT 
\ aT P 
(1) 
is given by 
(2) 
It can be shown that the above expression can be trans-
formed toa 
T ~ :;)p 
JJ = ---------
- V 
(J) 
Cp 
When . using an explicit equation of state in P, equation 
( 3) has to be modified toa ( :t; T 
µ Cp V (4) = 
C:\ 
After finding the partial derivatives in eq. (4) by use 
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of the Redlich-Kwong equation ~Pis finally given by 
R T 0,5 a 
- - TI V ( V + b V b ) 
iiCp: V (5) 
R T 2aV + ab 
- b)2 + Ti v2 (V + b) 2 ( V -
Cp has to be evaluated at P and T, This was done with 
data obtained for Cpo, the heat capacity at zero pressure, 
and using the Redlich-Kwong equation of state in the follo-
wing forms 
(6) 
rv 
V 
T ~a
2
P z) dV C o dCv = (7) aT V 
QO 
or QO ~ ,2p ~ ( Cv )v,, m ( cv)v,,y - = fT aT2 V dV (8) 
V 
( C ) = Cvo = Cpo - R V V=bo 
(9) 
. (10) 
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And so, 
Cp = Cpo - Rt T Tm /h~dV 
\ aT V 
V 
(11) 
Using the Redlich-Kwong equation of state to evalua-
te the partial derivatives needed, we arrive ata 
0.75 a V + b 
Cp = Cpo - R +--- ln T1.5 b V 
R 0.5 a 
T + 
T1·5v(v + b) V-b 
· R T a(2V+ b) 
- 2 + Ttv2 (V+b) 2 ( V -b) 
2 
(12) 
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SAMPLE PREPARATION 
The mixture of CO 2-Methane used in this research was 
prepared by means of a mixing apparatus existing in Le-
high University. A stainless steel cylinder used to store 
the gas sample was also used in its preparation. The cy-
linder already mentioned was joined to the mixing appa-
ratus by copper tubing,· 
The initial step taken to prepare the samples was to 
evacuate the whole system to 50 microns of Hg,, and to pur-
ge it with the minor component, this procedure was repeated 
twice, the minor component was then added until the desired 
pressure for this component was reached, after a reasonable 
period of time was allowed for reaching an equilibrium sta-
te, the pressure and temperature were recorded, Later the 
major component was added. Again equilibrium was allowed to 
establish itself and then, the final conditions were recor-
ded. 
Fifteen days were allowed, after the sample was made, 
for a complete mixing and homogeneity of the sample to oc-
cure before its use • 
•• I 
' i I 
S A M P L E A N A L Y S I S 
The analysis of the sample was made through the use of a 
Beckman model GC-2A chromatograph. A pressure counter con-
nected to the chromatograph allowed accurate knowledge of 
each sample introduced into the chromatograph, and·· a ther-
mometer capable of measuring to 0.01 degree Celsius permit-
ted the pressure of each sample to be determined within 
+ 
- 0.01 m.m. Hg •• The chromatograph was equipped with an 
electronic integrator. Its total registered counts were a 
quantitative representation of the area of each peak of the 
chroma to gram. 
The method used to analyze the gas mixture was to com-
pare chtomatographically an unknown sample mixture with one 
of known composition. A gas mixing apparatus equipped with 
a pressure counter was used to prepare the standard samples. 
First, the standard sample container was evacuated and pur-
ged with the minor component, this procedure was repeated 
twice, the minor component was then added and after a reaso-
nable period of time was allowed for equilibrium to be esta-
blished, the pressure and temperature were recorded. Later 
the major component was added. Again equilibrium was allowed 
to establish itself and final conditions were recorded. 
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THERMOCOUPLE CALIBRATION 
The thermocouples were calibrated by comparison with 
a Pt· resistance thermometer certified by the National Bu-
reau of Standards. The thermocouples were attached to the 
measuring portion of the resistance thermometer and the 
assembly was inmersed in a constant temperature bath. The 
resistance of the resistance thermometer was measured with 
a Mueller bridge and the thermocouple emf's with a K-3 po-
tentiometer. The temperature was varied at intervals of 15 
Centigrade degrees from -130 °c to 50 °c. The resistance 
and consequently the thermocouple emf's were related to 
temperature by means of an equation provided by the NBS 
for this resistance thermometer. The data obtained (T vs. 
emf's) were fitted by a third order polynomial and this 
was used to obtain a printout of temperature vs. emf at 
intervals of 0.01 °c. A maximum deviation of 1.5 mV is es-
timated to be the maximum that could be expected due to 
calibration. 
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T, 0 c 
-131.42 
-112.05 
Table C-1 
Thermocouple Calibration 
Theromocouple 4 
EMF 
-LH 75,7 
-3678,8 
Thermocouple 5 
EMF 
-417/J..2 
-3680.3 
92.169 -3124.8 -3122.7 
87.14 -2977,1 -2980.2 
- 81.57 -2805.9 -2810.1 
76.15 -2643.2 -2648.4 
70.74 -2473.9 -2478.5 
65.89 -2315.6 -2315,9 
56.40 -2006.8 -2008,4 
-
45.50 -1642,0 -1643.0 
35.00 -1283.5 -1283.5 
-
22.71 843.7 843.8 
9,51 354.4 354,6 
6.52 253,7 25),1 
23,55 897,4 897,6 
31.56 1229,4 1227,4 
42.27 1674,1 1673.2 
48,58 1991,8. 1990.3 
53,83 2202,7 2202,6 
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TABLE Dl 
CRITICAL CONSTANTS FOR THE PURE COMPONENTS STUDIED 
Substance Pc, atm. Tc, °K Ve, lt./g mole 
Carbon Dioxide 72.86 )04 .17 0.0943 
Methane 45.78 191,06 0,099) 
Ethane 48,16 305,44 0.1417 
Propane 41.97 369,94 O .1985 
Nitrogen 33.47 126.17 0,0899 
All values taken from Prausnitz ( 21) 
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TABLE D2 
PRAUSNITZ CONSTANTS FOR PURE COMPONENTS USED ,IN THE 
REDLICH-KWONG EQUATION 
Substance (JJ n a n b 
Carbon Dioxide 0.225 0,447 0.0911 
Methane 0.013 0,4278 0.0867 
Ethane 0.105 0,4)40 0,0880 
Propane 0.152 o.4380 0,0889 
Nitrogen 0,040 o.4290 0,0870 
Values given in Prausnitz ( 21) 
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TABLE D3 
PRAUSNITZ INTERACTION CONSTANTS Kij 
System VALUE 
CO2-Methane 0.05 
CO 2-Ethane 0.08 
CO 2-Propane 0.11 
CO 2-Nitrogen 0.08 
Methane-Ethane 0.01 
Methane-Propane 0.02 
Methane-Nitrogen 0,0J 
Ethane-Propane o.oo 
Ethane-Nitrogen 0,05 
Propane-Nitrogen 0,09 \ 
Values taken from Prausnitz ( 2 3) 
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TABLE D4 
Tc12 AND Pc12 USED 
REDLICH-KWONG EQUATION 
Binary Mixture 
CO 2-Methane 
CO 2-Ethane 
CO 2-Propane 
CO 2-Nitrogen 
Methane-Ethane 
Methane-Propane 
Methane-Nitrogen 
Ethane-Propane 
Ethane-Nitrogen 
Propane-Nitrogen 
Values taken from Joffe 
IN JOFFE MODIFICATION OF THE 
232.0 54.8 
279.0 52.5 
292.0 44.8 
201.0 49,2 
244,0 46,7 
262.0 30.3 
140,3 33.0 
300.0 42,0 
177,0 33,9 
230.0 3.5 .o 
( 10 ) 
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TABLE Et 
EXPERIMENTAL VALUES OBTAINED BY JOFFE AND ZUDKEVITCH 
FOR THE SYSTEM CO2-PROPANE 
MIXTURE Yeo 
2 
1 0.7238 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
0.7448 
0.7647 
0.7801 
0.7908 
o.7973 
0.5619 
0.5806 
0.5896 
0.5968 
0.5980 
0.3218 
0.3513 
0.3743 
0.3930 
0.4068 
0.4162 
0.4202 
P,PSIA 
750.0 
800.0 
850.0 
900.0 
950.0 
1000.0 
750.0 
800.0 
850.0 
900.0 
950.0 
650.0 
700.0 
750.0 
800.0 
850.0 
900.0 
950.0 
T, RANKINE 
560.0 
560.0 
560.0 
560.0 
560.0 
560.0 
590.0 
590.0 
590.0 
590.0 
590.0 
620.0 
620.0 
620.0 
620.0 
620.0 
620.0 
620.0 
' . 
EXPER ZV 
0.573 
0.538 
0.498 
0.448 
0.387 
0.312 
0.559 
0.527 
0.493 
0.454 
0.408 
0.537 
0.516 
0.496 
0.475 
0.453 
0.429 
0.391 
I 
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r 
TABlE E2 
COMPUTED COMPRESSIBILITY FACTORS FOR THE SYSTEM co2_ 
PROPANE FOLLOWING PRAUSNITZ GUIDELINES. 
' tfl . 
' j ~·' : 
, .;wr ·1· 
. ?,ii;:'_~ . 
V ' , !f' i'i.f: 
'!'} i J .•'}! MIXTURE VERSION 0 3 
. 't': .... : VERSION 1 VERSION 2 VERSION 
r· 
' ~-: 1 0.573 0.559 0.558 0.570 
2 0.540 0.522 0.521 0.537 
3 0.504 0.479 0.476 0.499 
4 0.456 0.409 0.406 0.449 
5 0.392 0.320 0.319 0.380 
~·· "I 6 0.340 0.296 o.~97 0.333 
!! 7 0.562 0.545 0.544 0.561 ·,: 
I 
;1 
\. '' 0.531 0.508 0.508 0.530 8 ( I ! ! 
.i' . i . 
.-j .. /, 9 0.487 0.452 0451 0.485 • 
\ 
10 0.440 0.387 0.387 0.437 
11 0.392 0.341 0.341 0.389 
12 0.556 0.543 0.543 0.557 
13. 0.529 0.511 0.511 0.531 
14 0.496 0.470 0.470 0.498 
15 .0.461 0.422 0.423 0.463 
16 0.424 0.378 0.378 0.426 
17 0.394 0.353 0.352 0.396 
18 0.374 0.340 0.339 0.375 
'. 
·, -_ '. ,·,.,- ~ ,: ..... -, .... - . ;:· .:.u; .. :~. , . .: . . 
- '. ~ . 
.. -.~ 
<··'·· u, .• •,J:i·.~ .... ·.>·.~ ),'\• '•••,•,-··. • 
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'I 
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·!·'''. 
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TABLE EJ 
COMPUTED COMPRESSIBILITY FACTORS FOR THE SYSTEM CQ2-
PROPANE FOLLOWING KWONG GUIDELINES. 
MIXTURE VERSION O VERSION 1 VERSION 2 VERSION 3 
1 0.451 0.167 0.199 0.174 
2 0.203 0.176 0.208 0.184 
3 0.212 0.185 0.217 0.193 
4 0.219 0.194 0.225 0.202 
5 0.225 0.202 0.232 0.211 
6 0.231 0.209 0.238 0.218 
7 0.242 0.192 0.239 0.199 
8 0.245 0.201 0.245 0.208 
9 0.246 0.209 0.249 0.216 
10 0.250 0.216 0.254 0.224 
11 0.254 0.224 0.259 0.232 
12 0.476 0.201 0.400 0.205 
13 0.272 0.211 0.259 0.216 
14 0.266 0.220 0.263 0.226 
15 0.268 0.229 0.268 0.234 
16 0.271 0.236 0.274 0.242 
17 0.276 0.244 0.279 0.250 
18 0.280 0.251 0.284 0.258 
'•'. ' ~- ' ••.•• , 11 • • ,, •.• 
TABLE E4 
I 
I 
·!r 
COMPUTED COMPRESSIBILITY FACTORS FOR THE SYSTEM cq2-
PROPANE USING JOBFE VERSIONS. I'. . 
\ li ... t·' J 
·:u1r:1:-;:f . 
SYSTEM VERSION 0 VERSION 1 VERSION 2 VERSION 3 . ',, - ~\ 
. "~·. 
'·;• 
,· 
~ (:. ,1' 
~· 
1 0.588 0.587 0.562 0.563 
2 0.558 0.557 0.527 0.529 
~' 
; 
3 0.525 0.524 0.487 0.489 ,, .. -; 
I' 4 0.482 0.480 0.433 0.436 
5 0.419 0.414 0.363 0.365 
:i1r 6 0.342 0.337 0.325 0.325 1,i·; 
.r,,' 
:v: 
'f: 
0.551 ··t ~ 7 0.573 0.572 0.551 '} ! 
8 0.543 0.542 0.518 0.519 
' . 
i 9 0.500 0.498 0.471 0.471 
,;• 
<., C < 
,; .'/ ~ J I 
,, 10 0.450 0.446 0.421 0.421 
11 0.392 0.387 0.376 0.375 
12 0.568 0.568 0.549 0.548 
13 0.542 0.541 0.520 0.520 
14 0.510 0.508 0.485 0.485 
I 15 0.473 0.470 0.447 0.447 0. 431 0.428 o.409 0.409 16 
17 0.394 0.390 0.382 0.382 
18 0.368 0.365 0.365 0.365 
I 
I• 
i, 
'r' 
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TABLE F1 
COMPUTED AND EXPERIMENTAL COMPRESSIBILITY FACTORS FOR THE 
SYSTEM NITROGEN-METHANE-ETHANE-PROPANE-CARBON DIOXIDE STU-
DIED BY ROBINSON AND JACOBY (11) 
MIXTURE 6 
T = 560 °R 
COMPRESSIBILITY FACTORS AS GIVEN BY PR:AUSNITZ VERSIONS 
P, PSIA EXP ZV VERS 0 VERS 1 VERS 2 VERS 3 
1549.9 .8666 .8671 .8667 .8667 .8672 
1079.8 .8980 .8961 .8958 .8959 .8962 
748,5 .9259 .9235 .9234 .9234 .9236 
515.1 .9478 .9456 .9455 .9455 ,9456 
352.1 ,9639 .9620 .9620 .9620 ,9620 
COMPRESSIBILITY FACTORS AS GIVEN BY REDLICH-KWONG VERSIONS 
P, PSIA EXP ZV VERS 0 VERS 1 VERS 2 VERS 3 
1549.9 ,8666 .8664 .8661 .8664 .8661 
1079.8 ,8980 .8956 .8955 .8956 .8954 
748.5 .9259 .9232 .9231 .9232 ,9231 
515.1 ,9478 .9454 ,9453 .9453 .9453 
352.1 .9639 ,9619 ,9619 ,9619 .9619 
. ',~· 
\ 
TABLE Fl (Contd) 
COMPRESSIBILITY FACTORS AS GIVEN BY JOFFE VERSIONS 
P,PSIA EXP ZV VERS 0 VERS 1 VERS 2 VERS 3 
1549.9 .8666 .8662 ,8658 .8662 ,8659 
1079,8 ,8980 ,8954 .8952 ,8954 .8952 
748,5 .9259 .9231 .9229 .9231 .9229 
515, 1 ,9478 ,9618 ,9618 .9618 ,9618 
MIXTURE 7 
T = 560 °R 
COMPRESSIBILITY FACTORS AS GIVEN BY PRAUSNITZ VERSIONS 
P,PSIA EXP ZV VERS 0 VERS 1 VERS 2 VERS 3 
1496.3 .8599 ,8582 ,8580 ,8583 .8592 
1045.8 ,8940 .8905 .8904 .8907 .8912 
726.3 .9235 ,9200 ,9199 .9201 .9204 
500.3 .9463 .9433 ,9432 .9434 .94.36 
342.3 .9630 ,9605 ,9605 ,9606 ,9607 
COMPRESSIBILITY FACTORS AS GIVEN BY REDLICH-KWONG VERSIONS 
P,PSIA EXP ZV VERS 0 VERS 1 VERS 2 VERS 3 
1496,3 ,8599 ,8547 ,8545 .8542 ,8540 
1045 ,8 ,8940 .8881 ,8880 ,8877 ,8875 
726.3 .9235 ,9184 .9183 ,9180 .9180 
500.3 ,9463 ,9422 .9422 ,9420 .9419 
342,3 ,9630 ,9598 ,9598 ,9.597 ,9596 
• .;,._. __ ,.I' 
TABLE F1 (Contd) 
~ 
COMPRESSIBILITY FACTORS AS GIVEN BY JOFFE VERSIONS 
P;PSIA EXP ZV "VERS 0 VERS 1 VERS 2 VERS J 
1496,3 ,8599 .8568 ,8560 ,8567 ,8565 
1045,8 ,8940 ,8895 .8890 ,8894 .8893 
726.3 ,923.5 ,9193 ,9190 .9192 .9191 
500.3 ,9463 ,9428 ,9426 ~9428 .9427 
342.3 .9630 ,9602 .9601 .9602 .• 9602 
MIXTURE 8 
T = 560 °R 
COMPRESSIBILITY FACTORS AS GIVEN BY PRAUSNITZ VERSIONS 
P,PSIA EXP ZV VERS 0 VERS 1 VERS 2 VERS 3 
1614,4 ,8395 .a373 .a371 ,8376 ,8389 
\ 1134 ,1 ,8772 ,8728 .8727 ,8732 ,8739 
191,6 ,9107 .9064 ,9063 ,9067 .9072 
547.5 ,9370 ,9334 ,9334 ,9337 ,9339 
375,7 ,9564 .9536 .9536 ,9538 ,9539 
256.2 ,9702 ,9680 ,9680 ,9682 .9683 
COMPRESSIBILITY FACTORS AS GIVEN BY REDLICH-KWONG VERSIONS 
PtPSIA EXP ZV VERS 0 VERS 1 VERS 2 VERS 3 
1614.4 ,8395 o8J01 ,8299 ,8291 ,8288 
1134.1 ,8772 . ,8680 ,8678 ,8670 .8668 
791.6 .9107 .9032 .9031 .9025 ,9024 
TABLE Fl (Contd) 
P,PSIA EXP ZV VERS 0 VERS 1 VERS 2 VERS 3 
547.,5 
.9370 .9313 .9313 ,9308 .9307 
375.7 .9564 .9522 .9522 .9518 .9518 
256.2 .9702 ,9671 .9671 .9669 .9669 
COMPRESSIBILITY FACTORS AS GIVEN BY JOFFE VERSIONS 
P, PSIA EXP ZV 
1614,4 ,8395 
1134 .1 ,8772 
791.6 .9107 
547.5 .9370 
375,7 .9564 
256.2 .9702 
VERS 0 VERS 1 
,8354 .8342 
,8715 ,8708 
.9056 .9051 
,9329 ,9326 
9532 ,9531 
.9678 ,9677 
MIXTURE 9 
T = 560 °R 
VERS 2 VERS 3 
,8349 .8349 
,8711 ,8711 
.9053 ,9053 
.9327 .9327 
,9531 .9531 
,9677 .9677 
COMPRESSIBILITY FACTORS AS GIVEN BY PRAUSNITZ VERSIONS 
P, PSIA EXP ZV VERS 0 VERS 1 VERS 2 VERS 3 
1570.0 ,8722 .8170 ,8169 ,8175 ,8189 
1110.6 .8651 ,8585 .8585 ,8591 .8599 
778,7 .9023 .8966 .8966 .8971 .8976 
540,2 .9310 .9268 .9268 ,9271 .9274 
371,4 ,9521 .9491 ,9491 ,94-93 ,9495 
253,6 ,9672 ,9650 ,9650 ,9652 ,9653 
: ' . • : ' ' '.· , • ' • ' , ':_ • ~... ; ·, '/1, •· ; .., : ' ,,. . '. c' - • . . .. -~ . : -,~' -'· ' . " ., ' .. _ .:; 
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TABLE Fl (Contd) 
COMPRESSIBILITY FACTORS AS GIVEN BY REDLICH-KWONG VERSIONS 
P, PSIA EXP ZV VERS 0 VERS 1 VERS 2 
1570,0 ,8722 .8062 .8060 ,8043 
1110.6 .8651 ,8514 ,8513 ,8497 
7 
778.7 .9023 ,8920 .8919 ,8907 
540,2 .9310 .9238 .9237 ,9228 
371,4 .9521 .9471 .9471 .9464 
253,6 ,9672 .9637 .9637 .9633 
COMPRESSIBILITY FACTORS AS GIVEN BY JOFFE VERSIONS 
P, PSIA EXP ZV 
1570.0 .8722 
1110.6 .8651 
778,7 .9023 
540.2 .9310 
371.4 ,9521 
253.6 .9672 
VERS 0 VERS 1 
.8146 .8130 
.8570 .8561 
.8957 .8952 
.9262 ,9259 
.9487 .9485 
,9648 .9646 
MIXTURE 10 
T = 560 °R 
VERS 2 
.8134 
.8560 
,8949 
.9256 
.9483 
.9645 
VERS 3 
,8040 
,8495 
,8906 
,9228 
.9464 
.9632 
VERS 3 
.8132 
.8559 
.8949 
.9256 
,9483 
.9645 
COMPRESSIBILITY FACTORS AS GIVEN BY PRAUSNITZ VERSIONS 
P, PSIA 
1703.1 
1275.1 
EXP ZV 
,6668 
,7426 
VERS 0 
.6641 
,7344 
. .• 
,, ·'. ·' -~ .~ ~ '''" . -
VERS 1 
.6648 
,7348 
VERS 2 
,6647 
,7346 
VERS 3 
,6632 
,7338 
TABLE Fl (Contd) 
P, PSIA EXP ZV VERS 0 VERS 1 VERS 2 VER? 3 
936,5 .8113 ,8038 ,8040 .8038 .8034 
672.0 ,8659 .8601 ,8602 ,8601 ,8599 
472.9 ,9065 ,9024 ,9024 .9023 ,9022 
328.1 ,9354 
.9327 .9328 ,9327 .9326 
225,4 
.9560 • 9.540 .9540 ,9540 
.9539 
153.8 ,9699 .9687 .9688 .9687 .9687 
COMPRESSIBILITY FACTORS AS GIVEN BY REDLICH-KWONG VERSIONS 
P, PSIA EXP ZV VERS 0 VERS 1 VERS 2 VERS 3 
1703.1 .6668 ,6423 .6421 .6354 .6350 
1275,1 .7426 .7214 .7213 .7137 .7135 
936.5 ,8113 .7964 .7964 .7904 .7903 
672.0 .8659 .8558 .8558 .8515 .8515 
472.9 .9065 .8997 .8997 .8968 .8968 
328.1 .9354 • 9311 .9311 .9291 .9291 
225,4 ,9560 .9530 ,9530 .9516 .9516 
153,8 .9699 .9681 ,9680 ,9671 .9671 
COMPRESSIBILITY FACTORS AS GIVEN BY JOFFE VERSIONS 
P, PSIA EXp ZV VERS 0 VERS 1 VERS 2 VERS 3 
1703.1 .6668 .6634 .6593 ,6568 ,6517 
1275,1 ,7426 07358 ,7335 .7283 ,7254 
936,5 ,8113 .8054 ,8042 ,7995 ,7979 
672.0 ,8659 ,8615 .8608 ,8572 ,8564 
I 
I' ., 
... 
P, PSIA EXP ZV 
472,9 .9065 
328,1 ,9154 
225,4 
.9560 
153.8 .9699 
TABLE Fl (Contd) 
VERS 0 
,9034 
,9334 
,9545 
.9691 
MIXTURE 11 
T = 610 °R 
VERS 1 
,9030 
,9332 
.9544 
.9690 
VERS 2 VERS 3 
.9004 ,8999 
.9314 ,9311 
.9531 ,9530 
.9682 ,9680 
COMPRESSIBILITY FACTORS AS GIVEN BY PRAUSNITZ VERSIONS 
P, PSIA EXP ZV 
1621.5 
1129.6 
782.5 
538.2 
367,8 
250.1 
08685 
.8999 
,9272 
,9486 
.9642 
,9754 
VERSO VERS 1 VERS 2 VERS 3 
.8619 
.8932 
,i220 
.9447 
,9616 
.9736 
.8618 
,8932 
,9219 
.9447 
.9615 
,9736 
.8622 
.8936 
.9223 
.9449 
.9617 
,9737 
,8634 
.8943 
,9227 
.9452 
,9619 
,9738 
COMPRESSIBILITY FACTORS AS GIVEN BY REDLICH-KWONG VERSIONS 
P, PSIA EXP ZV VERS 0 VERS 1 VERS 2 VERS 3 
1621.5 ,8685 .8525 .8525 .8.512 ,8509 
782,5 ,8999 ,8872 .8870 ,8858 .8856 
538.2 ,9272 .9180 ,9179 ,9169 ,9168 
367,8 ,9641 
.9599 ,9598 
.9593 ,9592 
·250.1 ,9754 ,9725 ,9724 ,9721 ,9720 
':i i\ 
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TABLE F1 (Contd) 
, 
COMPRESSIBILITY FACTORS AS GIVEN BY JOFFE VERSIONS 
P, PSIA EXP ZV VERS 0 VERS 1 VERS 2 VERS 3 
1621.5 ,8685 .8596 ,8579 ,8585 ,8580 
1129.6 ,8999 ,8918 ,8908 ,8908 .8905 
782.5 .9272 .9210 ,9204 .9203 .9201 
538,2 ,9486 ,9441 .9437 ,9436 .9435 
367,8 ,9641 ,9612 .9609 ,9608 ,9607 
250.1 ,97rp ,9733 ,9732 ,9731 .9730 
MIXTURE 12 
T = 660 °R 
COMPRESSIBILITY FACTORS AS GIVEN BY PRAUSNITZ VERSIONS 
P, PSIA EXP ZV VERS 0 VERS 1 VERS 2 VERS 3 
1559,2 ,9031 .8952 ,8953 .8955 .~962 
1075,8 ,9268 .9199 ,9199 .9202 .9206 
739.0 ,9468 ,9418 ,9419 ,9420 .9423 
505.1 ,9625 .9589 ,9590 .9591 .9593 
343.6 .9740 ,9715 .9715 ,9716 .9717 
233.0 ,9821 .9804 .9804 ,9805 ,9806 
COMPRESSIBILITY FACTORS AS GIVEN BY REDLICH~KWONG VERSIONS 
P, PSIA EXP ZV VERS 0 VERS 1 VERS 2 VERS J, 
1559.2 ,9031 .8874 ,88?3 ,8859 ,8858 
1075,8 119268 .9148 .9147 ,9135 .9134 
. . .. 
TABLE Fl (Contd) 
P, PSIA EXP ZV VERS 0 VERS 1 VERS 2 VERS 3 
739.0 .9468 ,9385 ,9385 ,9375 .9374 
505.1 .9625 ,9568 ,9567 ,9560 .9560 
343.6 ,9821 ,9795 .9795 .9791 ,9791 
COMPRESSIBILITY FACTORS AS GIVEN BY JOFFE VERSIONS 
P, PSIA EXP ZV VERS 0 VERS 1 VERS 2 VERS 3 
1559,2 .9031 ,8938 ,8925 .8927 .8922 
1075,8 .9268 .9191 ,9183 ,9181 ,9178 
739,0 ,9468 .9413 .9409 .9406 ,9404 
505.1 .9625 .9586 ,9583 .9581 .9580 
343.6 .9740 ,9713 ,9711 ,9709 .9709 
233.0 .9821 .9803 .9802 ,9801 ,9800 i 
.-vi ,i' 
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TABLE F2 
COMPOSITION OF MIXTURES ANALYZED BY ROBINSON AND JACOBY 
MOLAR FRACTIONS 
. MIXTURE COz CH4 C2H6 C3H8 Nz 
6 .0004 .9740 .0153 .0008 .0095 
7 .0536 .9222 .0149 .0009 .0084 
8 .1146 ,8616 .0146 .0004 .0088 r . :; ~.' ,1 ·,'; /· .. ·ir 
9 ~ 1972 ,7830 .0139 .0004 .0055 
;··· rJ 
i'. I !'.1 
.I .,', 
10 ,5446 .4460 ,0068 ,0000 .0026 
11 .2230 ,7559 .0140 ,0021 .0050 
12 .2814 ·,6993 .0106 .0005 ,0082 
j, ·1. 
,. 
APPENDIX G 
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TABLE Gl 
EXPERIMENTAL VALUES FOR THE SYSTEM NITROGEN-ETHANE AS 
GIVEN BY STOCKETT (18) 
rHXTURE 1 
MOLAR FRACTION OF NITROGEN= O .9490 
0 
P, PSIA T, KELVIN \ii t K/ATM 
50.0 487.56 .258 
100.0 288.43 .253 
200.0 290.11 .242 
400.0 293.27 .222 
800,0 298.74 .180 
50.0 277.28 ,276 
100.0 278.21 ,271 
200.0 280.02 .262 
400.0 283.47 ,245 
800.0 289.66 .210 
MIXTURE 2 
MOLAR FRACTION OF NITROGEN= 0.8570 
l', PSIA T, KELVIN ).J t ~K/ATM 
50.0 284,'24 ,337 
100,0 285,38 ,JJO 
200,0 _ 287 .58 ,317 
400,0 291.72 ,291 
·BOO ,0 298,9J ,2J9 
TABLE Gl (CONTD) 
MIXTURE J 
MOLAR FRACTION OF NITROGEN= 0.775 
P, PSIA T, KELVIN µ • ~K/ATM 
/' 
50.0 286.67 ,408 
l 100,0 288,05 ,400 
t. 
I 
,J82 I: 200.0 290,71 
400,0 295.66 ,347 
1200.0 279.98 ,306 
1600.0 287,42 ,243 
2000.0 293,36 .197 
2400,0 298,26 .166 
'.,·: ~:,. 
, •i, MIXTURE 4 
MOLAR FRACTION OF NITROGEN= 0.5690 
P, PSIA T, KELVIN µ , ~K/ATM 
50.0 281,52 .569 
100.0 283,42 ,552 
200.0 287.07 ,515 
400,0 293,69 ,454 
1200.0 283,05 .445 
1600.0 293,54 ,334 
,I 
:i 
c ' 
. ' 
. ' ; ; 
; ! 
TABLE G2 
COMPUTED JOULE-THOMPSON COEFFICIENTS FOR THE SYSTEM 
NITROGEN-ETHANE ANALYZED BY STOCKETT (18) 
MIXTURE 1 
MOLAR FRACTION OF NITROGEN= 0,9490 
JOULE-THOMPSON COEFFICIENTS AS GIVEN BY PRAUSNITZ VERSIONS 
P, PSIA T, KELVIN VERS 0 VERS 1 VERS 2 VERS 3 
50.0 287,56 ,273 ,273 ,273 ,272 
100.0 288,43 .267 ,268 ,268 ,267 
200,0 290.11 ,257 ,258 ,258 ,257 
400,0 293,27 .238 .239 .238 .237 
800,0 298,74 ,201 ,202 ,202 ,201 
50.0 277,28 .294 ,294 .294 .293 
100.0 278,21 ,288 ,289 .288 ,288 
200,0 280.02 ,277 ,278 ,277 ,277 
400,0 28),47 ,255 ,256 .256 ,255 
800,0 289,66 .215 .216 ,215 .214 
JOULE-THOMPSON COEFFICIENTS AS GIVEN BY REDLICH-KWONG 
VERSIONS· 
P, PSIA T, KELVIN VERS 0 VERS 1 VERS 2 VERS J 
50.0 .287,56 ,278 ,278 ,279 ,279 
100,0 288,4) ,273 ,273 .274 ,274 
200.0 290.11 ,262 .263 ,263 .264 
84 : 
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TABLE G2 (CONTD) 
P, PSIA T, KELVIN VERS 0 VERS 1 VERS 2 VERS 3 
400.0 293.27 .243 ,243 .244 .244 
800,0 298,74 .206 .• 207 .207 .207 
50.0 277,28 ,299 .299 .300 .301 · 
100.0 278.21 .293 .294 .295 .295 
200.0 . 280,02 .282 .• 283 .• 283 .284, 
400,0 283,47 .261 ,261 .262 .262 
800,0 289,66 ,220 ,220 .220 .221 
JOULE-THOMPSON COEFFICIENTS AS GIVEN BY JOFFE VERSIONS 
P, PSIA T, KELVIN VERS 0 VERS 1 VERS 2 VERS 3 
50.0 287.56 .271 ,271 ,271 .272 
100.0 288.43 .265 .266 i266 .267 
200.0 290.11 .255 .256 .256 .257 
400,0 293.27 .236 ,237 ,237 ,237 
800,0 298. 74 .200 .200 ,200 ,201 
7 
50.0 277,28 .292 .292 .292 · .293 
100,0 278,21 .286 ,286 .287 ,287 
200.0 280,02 .275 ,275 .276 .276 
400.0 283,47 .253 .254 ,254 .254 
800,0 289,66 .213 ,214 .213 ,214 
MIXTURE 2 
MOLAR FRACTION OF NITROGEN= 0,8570 
·f 
TABLE G2 (CONTD) 
JOULE-THOMPSON COEFFICIENTS AS GIVEN BY PRAUSNITZ VERSIONS 
P, PSIA T, KELVIN VERS 0 VERS 1 VERS 2 VERS 3 
50,0 284.24 .347 ,348 ,347 .346 
100,0 285.38 .340 .341 .341 .339 
200.0 287,58 .327 , .329 .328 .327 
400.0 291.72 ,302 ,304 .303 .301 
800.0 298,93 .255 .257 .257 .254 
JOULE-THOMPSON COEFFICIENTS AS GIVEN BY REDLICH-KWONG 
' : 
;f 1 VERSIONS ,, ;< ; 
;i ! P, PSIA T, KELVIN VERS 0 VERS 1 VERS 2 VERS 3 
,\t;'( ;· ti 50.0 284 .24 .360 .360 ,362 ,363 
. ' 
' jri 
; 1.': 100.0 285.38 ,353 ,354 .355 ,356 
: f'! 
; Ji' 
' r 
; : \ 200,0 287.58 .340 .341 .342 .343 
'' 400.0 291.72 .414 .316 ,316 .318 \ 
800,0 298.93 .266 .268 ,268 .270 
JOULE-THOMPSON COEFFICIENTS AS GIVEN BY JOFFE VERSIONS 
P, PSIA T, KELVIN VERS O VERS 1 VERS 2 VERS 3 
' { 
50.0 284.24 .342 .343 .344 .345 
100.0 285.38 .336 .337 .337 .338 
200.0 287,58 .323 .324 . .324 .325 
400.0 291.72 .298 .299 ,299 ,JOO 
800,0 298,93 .251 .252 .251 .253 
- ,. '·.·,."(:, ... 
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TABLE G2 (CONTD) 
r) 
MIXTURE 3 
MOLAR FRACTION OF NITROGEN= 0.7750 
JOULE-THOMPSON COEFFICIENTS AS GIVEN BY PRAUSNITZ VERSIONS 
• 1,,· 
;, 
,, i P, PSIA T, KELVIN VERS 0 VERS 1 VERS 2 VERS 3 
,. '/ 
: \ 50.0 286.67 .405 ,405 ,406 ,404 
. '') 
'l t 
I 
. ' 100.0 288.05 .397 .399 .398 ,396 
!. ( 200.0 290.71 .382 .384 .383 ,381 
' ' / 400,0 205,66 .354 ( .352 .355 .352 
;~ 
? l 1200.0 279.98 .303 .308 .308 .302 
"f 
' i.~ 
t :<, 1600.0 287,42 ,240 ,245 .244 .239 
dJ 
. ' ·~ 2000,0 293,36 ,188 ,193 ,193 .188 
,., : ') 
~: ~· 
I.!~\ 
·~ 
2400.0 298,26 .147 .151 , 151 .147 
: ; ( ,J 
i ';; 
:~ i ~ 
\.; '"1 
' ~: JOULE-THOMPSON COEFFICIENTS AS GIVEN BY REDLICH-KWONG 
':: \ 
.. 
1:' VERSIONS ,, 
P, PSIA T, KELVIN VERS 0 VERS 1 VERS 2 VERS 3 
i:· 
•I 
50.0 286,67 .421 .423 .425 .426 
ii 
n j, 100.0 288.05 ,414 .415 ,417 ,418 
i 
.t l 200.0 290.71 ,399 .400 .402 .403 
'J 400.0 295,66 ,369 .371 ,)72 .374 
·1200.0 279,98 .320 .324 ,321 ,326 
1600.0 287,42 - , .253 .258 .254 .258 
2000,·0 293,36 ,199 ,202 ,199 .203 
2400,0 298.26 .156 .160 ,155 ,159 
'if',.: .. '; .·. ~ 
!, ·,· 
TABLE G2 (CONTD) 
JOULE-THOMPSON COEFFICIENTS AS GIVEN BY JOFFE VERSIONS 
'i,,p, PSIA T, KELVIN VERS 0 VERS 1 VERS 2 VERS 3 
I 
50,0 286,67 ,398 ' .400 .401 ,402 
11 
100.0 288,05 ,391 .392 ,393 .394 
ii 200.0 290.71 ,376 ,377 ,378 ,379 
400,0 295,66 ,346 ,348 ,348 ,350 
1200.0 279,98 .296 ,300 .297 .301 
1600.0 287,42 .234 .238 .234 .238 
2000,0 293.36 , 183 .187 .183 ,187 
2400.0 298.26 ,143 .147 ,143 ,146 
MIXTURE 4 
MOLAR FRACTION OF NITROGEN= 0,5690 
,, 
. 4 
, '' 
i: ! 
, ', 
I, I) JOULE-THOMPSON COEFFICIENTS AS GIVEN BY PRAUSNITZ VERSIONS 
\I;' 
,, 
•', J 
P, PSIA T, KELVIN VERS 0 VERS· 1 VERS 2 VERS 3 
50,0 281,52 ,605 .607 ,607 .605 
100.0 283.42 .595 ,597 ,597 .594 
200.0 287.07 ,574 ,577 ,577 .574 
400,0 293.69 ,533 ,537 .537 .532 
1200~0 283.05 .446 ,456 .456 .446 
1600.0 293,54 ,328 .336 ,336 ,327 
JOULE-THOMPSON COEFFICIENTS AS GIVEN BY REDLICH-KWONG 
P, PSIA T, KELVIN VERSO VERS 1 VERS 2 VERS J 
50.0 281,52 ,625 .626 ,631 ,633 
TABLE G2 (CONTD) 
P,PSIA T, KELVIN VERS 0 VERS 1 VERS 2 VERS 3 
100,0 283,42 ,615 .617 ,621 .623 
200,0 287,07 ,594 ,597 ,600 .603 
400,0 293.69 ,553 ,557 .559 ,563 
1200.0 283,05 .468 ,477 ,469 ,479 
. J 
i·{ 1600.0 293.54 ,342 ,350 ,342 .350 
; j 
,! '. 
JOULE-THOMPSON COEFFICIENTS AS GIVEN BY JOFFE VERSIONS 
' ' P, PSIA T, KELVIN VERS 0 VERS 1 VERS 2 VERS 3 I 
f • 
. :f 50.0 281,52 ,595 ,596 .600 .601 
f } 100.0 283.42 ,584 ,586 ,590 .592 
;,11 
t. 
., ; 
.563 ,566 ,569 200.0 287.07 .572 
' { 400,0 293.69 .522 .525 .527 ,530 
1200.0 283.05 .434 ,442 ,436 .443 
': t 
1600.0 293.54 .319 ,326 .319 .326 \ 
1(1 1 
.i 
/•' 
·! 
. , __ • "'·- ····=,;.{:,-.. !.,_ • 1, ........ . 
'• • ,'.' ,>1' • '',,~\'.'~(' r 
'' i 
,} I 
;, . 
'' 
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